"generative" principle: one that explains how to get more behavior change than we teach (cf. Riegler & Baer, 1989) . Some of these generative principles can be made procedural; others can not.
Procedural examples of such principles abound in behavior analysis (cf. Horner, Dunlap, & Koegel, 1988) . A very recent example is called stimulus equivalence. Stimulus equivalence is a label for what so far is a highly specialized set of observations: When we teach two interlocking conditional discriminations in a match-to-sample format, several predictable untaught relations often emerge as a systematic result of that teaching. For example, subjects are taught that in a set of symbols, A, 1, and 2, A matches 1; in the set of B, 1, and 2, B matches 2; in the set 1, X, and Y, 1 matches X; and in the set 2, X, and Y, 2 matches Y:
This conditional-discrimination procedure can generate not just the four conditional discriminations targeted (if A then 1, if B then 2, etc.), but also equivalence relations, characterized by reflexivity, symmetry, transitivity, and symmetric transitivity (Sidman & Tailby, 1982) . Reflexivity is demonstrated through generalized identity matching among the six stimulus elements (if A then A; if B then B, etc.); symmetry is shown by the emergence of an interchangeability between all samples and their comparisons, yielding four new relations (if 1 then A; if 2 then B, if X then 1, and if Y then 2); transitivity is demonstrated through the emergence of two new relations, each spanning two of the original four relations (if A then X, if B then Y); and symmetric transitivity (often called the equivalence test) is demonstrated through the emergence of two new relations embodying symmetry through that transitivity (if X then A, if Y then B).
In order to analyze stimulus-equivalence effects more closely, most research has been conducted in highly controlled laboratory settings with automated equipment, and mainly with deliberately meaningless visual stimuli. Left at that, it might be only a highly specialized phenomenon. We need to evaluate its generality: What variables likely to be involved in language and other categorization processes might enhance stimulus equivalence effects or hinder them ?
The present study explores the effects of two such variables: (a) providing subjects with the option of not responding, rather than responding to either comparison as matching the sample; and (b) instructing subjects in ways that might restrict or facilitate their performing in new relations as equivalence relations.
Programming the option of not responding has proven crucial in other areas. For example, Steinman (1970) examined generalized imitation in two different formats. In one format, subjects were shown one model to imitate at a time; imitation of some of these models had been reinforced in the past, and imitation of others never had been, yet both kinds of models were readily imitated-under these conditions. However, in another format, subjects were given two models concurrently per trial, one whose imitations had been reinforced in the past and another whose imitations had not. Clearly, the subjects were to choose which they would imitate, and they almost always chose to imitate the model with a history of reinforced imitation. Saunders and Sherman (1986) performed a similar study, in which they offered subjects an opportunity to "pass" on some trials, that is, to not respond to certain samples. They found that choice procedures produced discrimination between previously reinforced and unreinforced samples, but when the choice procedure was terminated, all subjects displayed generalized responding.
In the stimulus-equivalence literature, the effects of an option of not responding has not yet been thoroughly examined. However, Fields, Adams, Brown, and Verhave (1993) examined the effects of a neither comparison response option on generalization gradients of emergent relations. When the neither comparison response option was available, the generalization gradients of the emergent relations were narrowed. Recently, Eikeseth, Rosales-Ruiz, Duarte, and Baer (1997) gave the subjects an implicit possibility of not responding. This because the study used a paper-and-pencil format rather than the more traditional discretetrial, matching-to-sample protocol. The paper-and-pencil format allowed not answering every probe, though no mention was ever made of that. Some of the subjects left the symmetric-transitive probes unmarked, while correctly marking the probes of the baseline relations.
Perhaps some subjects who show stimulus equivalence when tested in a forced-choice format will refrain from showing stimulus equivalence if they are given an option of not responding. To examine this possibility, the present study provided a group of subjects with an option of not responding to the symmetric-transitive probes; that option was rendered by two words, CAN'T ANSWER. These subjects were given three response options: an equivalence response option, a nonequivalence response option, and the CAN'T ANSWER response option. Another group of subjects were provided with a forced-choice format allowing only two choices-an equivalence response and a nonequivalence response.
Just as the option of not answering may control the emergence of equivalence effects, so may explicit and perhaps implicit instructions. Perhaps human behavior can not be analyzed in isolation from the variable of instructions (Baron, Kaufman, & Stauber, 1969; Lowe, 1979) . It has been shown that overt and covert instructions do control human performance (Harzem, Lowe, & Bagshaw, 1979; Lowe, 1979) . Riegler and Baer (1989) have offered a developmental analysis and review of this and other literature on instructional control. Unfortunately, the literature on stimulus equivalence contains only a few studies in which instructions have been an independent variable (e.g., Sigurdardottir, Green, & Saunders, 1990) .
Thus the other question asked here is the extent to which instructions like those that subjects might self-instruct (and especially like those that tell them to be restrictive or broad in their responding) affect whether they respond to newly acquired relations as equivalence relations.
The present study used a paper-and-pencil format similar to that of . It used written instructions to describe the experiment and this form of match-to-sample, other written instructions to establish by example the baseline relations, probes for the equivalence properties of the relations established by the instructions, and probes of the maintenance of the instructed baseline relations.
The paper-and-pencil format was chosen because of its costeffectiveness: A large number of subjects can be tested simultaneously and very quickly in this way, and with inexpensive materials. Besides, the paper-and-pencil format is used in many educational settings to teach and test complex verbal and cognitive skills. In fact, the combination of teaching through instructions and testing the results in a paper-andpencil format is very typical of everyday education and training.
Method

Subjects and Setting
The subjects of this study were 104 undergraduate male and female students, ranging in age between 18 and 26, attending an enrichment session of a large introductory PSI course on behavior analysis at the University of Kansas. Of these 104 subjects, 56 were recruited during a spring semester, and 48 during the next spring semester. The subjects' participation was voluntary; they received no compensation in the form of money, course credits, or release from other requirements. The 56 subjects recruited during the first spring semester were given one set of materials defining them as the CAN'T-ANSWER group; the 48 subjects recruited during the second spring semester were given a somewhat different set of materials defining them as the No-CAN'T-ANSWER group.
Materials
Subjects were told to read five successive pages of materials. The first two explained match-to-sample procedures; the last three offered a sequence of paper-and-pencil matching exercises to which the subjects were to respond. These pages were largely the same for both groups of subjects. They differed in that one group was offered a matching format that included a CAN'T-ANSWER option with its two comparison stimuli, and instructions that explained this option; the other group found only the usual two comparison stimuli with no CAN'T-ANSWER option and thus no instructions to explain its use. Both groups received an additional paragraph of instructions designed to facilitate the emergence of untaught relations.
The first of these five pages thanked the reader for participating. It then asked for specification of the reader's major, age, and sex; for careful reading of the subsequent instructions: Then it is asked that any changed or corrected responses be made only on the page currently in hand, never on any previously marked pages.
The second page came in two versions, one for each experimental group; these two versions are shown in their entirety as Figures 1 and 2 , You are about to do three exercises in matching. How you do each of them will depend on the instructions that come with them.
First, you need to understand the format. The format used in these three exercises is called match to sample. Here is an example of that format:
The sample is the item to the left, in this example an A. Your task is to circle the one of the items to its right that you consider to be its match. In the absence of any other instructions, most people would circle the right-side A because it is identical to the sample, like this: B A However, in the next example, most people would not know which one to circle, and would require additional instructions: B A K Without additional instructions, they might circle the B because it is nearest in the alphabet to the sample A, or because both it and the sample contain a short, horizontal line midway between top and bottom. On the other hand, they might circle the K because both it and the sample rhyme when spoken aloud in English, or because both are composed entirely of straight lines, whereas B contains curved lines. And they might be able to think of other possible reasons for matching A to either B or K. and differ only in their final lines. The common functions of the second page were to explain this particular paper-and-pencil format for matching to sample, to establish an identity match (and thus reflexivity), to show that non identity matching required some additional rule or criterion, to offer an explanation of how such cases might be responded to by a variety of additional rules or criteria that could be supplied by the subject, and to offer one group a CAN'T-ANSWER option for any cases in which the subject preferred not to supply that rule or criterion.
The third, fourth, and fifth pages each instructed two conditional discriminations in the form of four rules or relations (e.g., 'When A is the sample, circle 1 "). Pages 4 and 5 also added further instructions that might affect how the subjects would respond to probes of any untaught properties of these relations. Next, each of these three pages presented 36 probes in the form of match-to-sample exercises, 12 of them repeating these relations (three repetitions of each of the four rules), hereafter called the Original Relations (OR), and 24 of them testing for the symmetry (Sym), transitivity (Tr) , and symmetric-transitivity properties of the original relations. Symmetry was tested by three repetitions of each of four probes, transitivity by three repetitions of each of two probes, and symmetric transitivity, hereafter referred to as equivalence (Eq), by three repetitions of each of two probes.
You are about to do three exercises in matching. How you do each of them will depend on the instructions that come with them .
The sample is the item to the left, in this example an A. Your task is to circle the one of the items to its right that you consider to be its match. In the absence of any other instructions, most people would circle the right-side A because it is identical to the sample, like this B A However, in the next example, most people would not know which one to circle: Pages 3, 4, and 5 came in two slightly different versions, one for each experimental group. They differed in only one aspect: The CANT-ANSWER group always saw three comparisons, one of them always CA, as shown in Figure 3 ; the symbol CA had been established by the prior instructions as meaning CANT ANSWER. The No-CANT-ANSWER group saw only two comparisons in each probe, neither of which was CA; the CA space was empty.
For both groups (CANT-ANSWER and No-CANT-ANSWER), pages 4 and 5 differed from page 3 by the addition of some further instructions identical for each group after re-presenting the rules establishing the original relations and immediately before the 36 probes. Both versions of page 4 added, "Your task now is to use ONLY these instructions-in other words, to distinguish those matches covered by the instructions from those matches not covered by the instructions." These are referred to as the restrictive instructions. Both versions of page 5 added, "Your task now is to use these instructions, and also to see if any further matches might be implicit in the instructions." These are referred to as the nonrestrictive instructions.
Here are your instructions:
is the sample, circle ® is the sample, circle ® is the sample, circle 0 Now do these matches: 
Design
The design of the study was based on two independent groups; one group of 56 subjects who encountered a CAN'T-ANSWER option among the comparison stimuli of its match-to-sample exercises, and the other group of 48 subjects who saw only the two comparison stimuli. Each group encountered three successive notable conditions of instructions that established the original relations and some further instructions that might affect the subjects' responses to any untaught properties of the original relations; these conditions were, first, no such additional instructions (Le., Figure 3 ), referred to as baseline; then the additional restrictive instructions specified above; and finally the additional nonrestrictive instructions specified above. Figure 4 displays the data of all subjects who showed perfect performance in the three repeated probes of each of the four original relations (the instructed conditional discriminations, coded as OR), that is, the subjects who gave 12 correct responses to those 12 probe trials. These data are presented separately for the CAN'T-ANSWER (CA) and No-CAN'T-ANSWER (No-CA) groups, and within each group for each of the three successive instructional conditions (baseline, then restrictive instructions, and then nonrestrictive instructions). The number of the 56 subjects in the No-CA group who showed perfect performance in the probes of the original relations (which were always available for inspection) varied across the three instructional conditions, ranging from 44 to 49; those numbers are shown in parentheses in the legend of each graph, beside the symbol for each instructional condition (baseline, restrictive, or nonrestrictive). Similarly, the number of the 48 subjects in the CA group who showed perfect performance in the probes of the original relations also varied across the three instructional conditions, ranging from 34 to 38.
Results
For those subjects who showed perfect performance in the probes of the original relations in each instructional condition, Figure 4 also shows the percentage of these subjects who achieved perfect (0 errors) performance in the 12 probes (3 repetitions of 4 probes) of the symmetry (Sym), the 6 probes (3 repetitions of 2 probes) of the transitivity (Tr) , and the 6 probes (3 repetitions of 2 probes) of the equivalence (Eq) properties of the original relations. The most striking difference emerged between the subjects who did not have a CAN'T-ANSWER response option and the subjects who did. Appreciable percentages of the No-CA subjects (29-66%) showed perfect responding in the probes of the symmetry, transitivity, and equivalence properties of the original relations; by contrast, far smaller percentages of the CAN'T-ANSWER subjects (3-27%) did so.
Among the No-CA subjects, variation in these percentages depended m,ainly on the prevailing instructional condition (baseline, restrictive, or nonrestrictive instructions), rather than on whether the probe was relevant to the symmetry, transitivity, or equivalence properties of the original relations. Among these No-CA subjects, no further instructions (baseline) and the nonrestrictive instructions about the breadth of the problem caused considerably more of the subjects (49-66%) to respond to the original relations as equivalence relations than did the restrictive instructions (about 30%); and nonrestrictive Restrictive (N= 37) Nonrestrictive (N. 34) Figure 4 . Percentage of subjects in each experimental group who showed perfect performance in the test of the original relations, and in the probes for symmetry, transitivity, and equivalence properties of those original relations. The analysis is restricted to those subjects who mastered the original relations.
instructions yielded a few more subjects displaying the symmetry and transitivity properties of their original relations than did no instructions (baseline). Among the appreciably fewer CA subjects showing equivalence effects, somewhat different instructional patterns emerged. Only the nonrestrictive condition produced equivalence effects, and in only 21-27% of the subjects; the baseline and restrictive conditions yielded only 3-5% of subjects showing equivalence effects. Virtually the same pattern of results was found when the data from the subjects with zero errors were combined with data from those with one error. Figure 5 repeats the format of Figure 4 , but with different and much more liberal criteria for determining whether the original relations were equivalence relations. Instead of displaying the percentage of subjects responding consistently to each probe, Figure 5 shows the percentages of all responses of all subjects that can be scored as correct performance of the original relations, or as reflecting the symmetry, transitivity, or equivalence properties of those original relations. This measure offers the maximum estimate of responding to the original relations as equivalence relations. For example: In the baseline condition, the 48 subjects of the CAN'T-ANSWER group made 576 responses to the 12 probes of the original relations; 547 of these responses were correct, yielding a percentage of 95% to be graphed as the OR data point. These same 48 subjects, in the baseline condition, made 576 responses to the 12 probes of the symmetry property of the original relations; 93 of these responses were to the symmetry comparison, yielding a percentage of 16% to be graphed as the symmetry data point; and so forth.
Even this maximizing approach shows the same relations evident in Figure 4 . Responses displaying the symmetry, transitivity, and equivalence properties of the original relations were much more likely among the No-CA subjects than among the CA subjects; more likely in the nonrestrictive instructional conditions than in the restrictive instructional condition; and fairly similar across the probes for the symmetry, transitivity, and equivalence properties of the original relations (although the symmetry probes regularly evoked a somewhat higher proportion of correct responses than did the transitivity or equivalence probes). Figure 5 also shows that subjects in the CA group made almost no use of their CAN'T ANSWER option (2-5% of their responses) when responding to probes of the original relations, but made great use of it when responding to probes of the symmetry (55-81 %), transitivity (74-89%), and equivalence (69-92%) properties of the original relations. Correspondingly, these subjects never left blank the probes of the original relations, and rarely left blank the probes of the symmetry (3-5% of their responses), transitivity (2-4%), and equivalence (1-6%) properties of those original relations. By contrast, subjects in the No-CA group in effect generated their own CAN'T-ANSWER option to some extent, by leaving blank a considerable proportion of the probes for the symmetry (17-53% of their responses), transitivity (26-56%), and equivalence (25-55%) properties of the original relations.
Finally, Figure 5 shows that either none or only very small proportions of the subjects' responses were incorrect (i.e., were responses to the uninstructed comparison in the original relations, or in the other probes were responses to those comparisons that did not testify to the symmetry, transitivity, or equivalence of those original relations). 
Discussion
The purpose of this study was to evaluate an important contextual variable that may determine when subjects will respond to newly established relations as equivalence relations. A few studies have already established that thorough conditional control of equivalence effects by arbitrarily chosen stimuli can be readily established (Bush, Sidman, & deRose, 1989; Gatch & Osborne, 1989; Kennedy & Laitinen, 1988) . This study also established conditional control over equivalence effects, not with an arbitrary stimulus whose function was determined through laboratory procedures, but in two contextual ways: by format and by instructions. Of the two, the more powerful was the format change, which was simply an option to not respond to probes of untaught relations. The function of that option obviously was determined by the subjects' prior histories, not by the procedures of this study. The point of this demonstration is that humans always come to equivalence studies with some relevant history of that nature, which may determine some of the variability that subjects show in equivalence studies. If so, then we need to assess the probable nature of that variability; hence the actuarial design of this study. Apparently, most subjects from this population prefer not to show equivalence effects in probes of untaught relations; given a format that allows them not to answer such probes, most of them use it to avoid answering, responding as if the equivalence of such relations could be only a guess, and not a very certain one. Indeed, even the subjects of the No-CAN'T-ANSWER group, whose format did not give them an explicit way out, often manufactured one by leaving those probes blank: Between 17-56% of these subjects did so (especially in the restrictive instructional condition). This finding is consist~nt with that of .
The second tactic was to see if the probability of subjects failing to show equivalence effects could be modified by instructions to respond to the original relations either broadly (nonrestrictive: "might be implicit in") or narrowly (restrictive: "use ONLY these"). Again, the function of these instructions probably derived from the subjects' prior histories, not from the procedures of this study. But these instructions may well typify instructions that many subjects bring with them to studies of stimulus equivalence; thus, an actuarial determination of their probable function is needed, as a first step in their analysis.
Restrictive instructions (to not go beyond what was taught directly) reduced by about half the proportion of subjects who in the prior baseline condition had responded to the original relations as equivalence relations. That again suggests either the ready inhibition of such responding, or its usual nonexistence until spurred into emergence by correctly specialized conditions of probing. However, it is interesting that the nonrestrictive instructions of this study ("see if any further matches might be implicit in the instructions") caused only a few more subjects to respond consistently to the original relations as equivalence relations than did an absence of instructions about breadth (baseline). If the analysis is expanded to all responses of all subjects, the nonrestrictive instructions evoked no more of that than did an absence of instructions about breadth.
Because most studies of stimulus equivalence offer neither restrictive nor nonrestrictive instructions of this sort, the present data suggest that subjects without such programmed instructions and without a CA option are more likely to behave as if they had been instructed non restrictively about breadth. Indeed, most studies present and represent their probes of equivalence properties so often that their very repetition might be interpreted as a nonrestrictive instruction. However, because most studies of stimulus equivalence have reported that appreciably less than 100% of their subjects responded to the original relations as equivalence relations (as was true in this study as well), we may note that some subjects in that remainder behave as if they had been instructed restrictively ("use ONLY these instructions ... distinguish those matches covered by the instructions from those matches not covered by the instructions").
"As if" instructions may of course be interpretive fictions rather than functional behaviors of the subjects; but the reality of self-instructions has been argued many times (e.g., Bem, 1967; Bentall & Lowe, 1987; Bentall, Lowe, & Beasty, 1985; Fjellstrom, Born , & Baer, 1988; Guevremont, Osnes, & Stokes, 1988 , Hineline & Wanchisen, 1989 Lowe, 1979; Lowe, Beasty, & Bentall, 1983) . Thus, when subjects behave in a way that allows an "as if instructed to" interpretation, perhaps it is because at least some of them have indeed instructed themselves; in that case, there will always be a variability across subjects caused by the presence or absence of unanalyzed stimulus controls for one kind of self-instruction or another.
Referring variability to preexisting self-instructions is not much of an analysis. Those self-instructions, if they exist, must be a product of an earlier history; if so, then the ultimate analysis and explanation lies in that earlier history. There can be only a pragmatic value in an analysis at the level of self-instruction; on balance, a pragmatic value sometimes may be more useful than a merely speculative one.
Some cautions may be important for the interpretation of this study and of future studies of its kind. First are the several procedural differences between this study and the many prior studies of stimulus equivalence. First, the matching-to-sample relations were presented by instructions and example, which meant that some subjects may well have acquired them errorlessly; in such cases, these relations had little or no history of trial and error interacting with differential reinforcement (although a very few subjects occasionally circled an incorrect comparison, and then corrected that, probably after reexamining the instructions.) If how relations are established makes them more or less likely to display the properties that define them as equivalence relations, then this unusual method of establishment may give these results a corresponding specialization. (See Galizio, 1983, and Hayes, 1989 , for reviews of the argument that behavior under the control of rules differs in important ways from behavior under the control of contingencies.) It is also possible that some subjects never acquired these relationships at all; some subjects may have developed instead a pattern of scanning the probes for cases of each of the four instructions, perhaps one instruction at a time; alternatively, as they looked at each probe, they may have then examined the four instructions for something relevant to that probe. All of these are stimulus-response relations, to be sure, but they are also quite various relations. (Again, consider the above-referenced reviews by Baron & Galizio, and Hayes.) A second procedural difference is the stimulus materials used. The stimuli in this study were Roman letters and numbers, not the arbitrary geometric shapes or Greek letters typically used in equivalence research. Subsequent studies might well examine the possibility that a different proportion of subjects will display equivalence effects if the stimuli are arbitrary geometric shapes or Greek letters. However, whereas this method of establishing the original relations, diverse as they may have been, is unusual for the stimulus-equivalence literature, it is not at all unusual in the everyday world of teaching, both formal and informal, for which stimulus equivalence has sometimes been offered as a potentially descriptive model (Sidman, 1986) . Consequently, it becomes urgent to study these differences in the near future. Third, the effects of the restrictive and nonrestrictive instructions were examined only after the subjects had encountered a baseline condition (where the subjects did not receive any instructions about breadth). Without that prior baseline condition, perhaps the restrictive and nonrestrictive instructions would have had a somewhat different effect on the subjects' responding. That possibility could be examined in future studies.
Despite the diversity of behavior possible, and the largely uncontrolled nature of the setting, the paper-and-pencil format used in this study seemed effective in yielding most of the effects currently cited as definitional of equivalence (Sidman, 1990; Sidman & Tailby, 1982) : The data demonstrated symmetry, transitivity, and symmetric transitivity (equivalence), and the introductory instructions established identity matching. Indeed, the data were largely consistent with Sidman's (1990) recent rules on the patterns that should emerge among these outcomes if the result is to be called stimulus equivalence. For the most part, if a subject showed anyone of the three properties of symmetry, transitivity, or symmetry transitivity (equivalence), the subject was likely to show the other two properties.
A number of other questions also deserve future analysis. Perhaps the most urgent is whether the equivalence-inhibiting effect of a CA option, seen in this study across subjects, will also be seen within subjects. In particular, we should ask if relations that upon probing prove to be equivalence relations continue to be equivalence relations if a CA option is then incorporated into those probes. If these relations cease to be equivalence relations when a CA option is made available, it will become important to assess how long or how often these effects remain reversible; that will be crucial to assessing the interpretation of complex behaviors as stimulus-equivalence phenomena.
In summary, the emergence in college adults of relations that upon probing prove to be equivalence relations (or upon probing become equivalence relations) is strongly controlled by the possibility of not answering the probes for the properties that define the relations as equivalence relations. The emergence of those properties, in two of three instructional conditions, is almost totally eliminated by offering a CAN'T-ANSWER option, and in the other condition is greatly reduced. Furthermore, the emergence of these properties is also strongly reduced by instructions to deal with the problem narrowly rather than broadly. Consequently, we may expect that failure to control these variables in studies of equivalence relations may well be associated with a corresponding, unexplained variability.
